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ABJTtiACf 



This investigation was undertaken to determine 
whether sons on® of several cocoon shapes of handle for a 
goaera.il/-aaoa type of switch would provide for a f&lnlanui 
of time required to operate the switch. 

The time required by fifteen eusle operators to 
rotate a eet of four switches to four different angles 
using five shapes of switch handles was measured* 

The overall average time a obtained (in hundredth® 
of seconds) ere as follows* 
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An examination of the data shows that the round 
shapes of handles provided for the higher operating times 
while tiie generally rectangular shapes provided for the 
lower operating times* 
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T& Z 7/aS? OF ITCK-F X- i. 3 
Tii- T1K* b^t;I^3 FOK 0 . lla 

I. TX'l JCTIv • w- I TiiPOXl 

A review of the lit reture snows that ao@e con- 
sideration has hear, given to designing owl to h* handle 
shapes for appearance and indication of function 11 * In- 
quiries made at so e of the deeding electrical apparatus 
manufacturers, such as General iXectrio Company, eating- 
house Electric Corporation and .ma Corporation, reveal 
thst industry has investigated the design of switch-handle 
shapes for appearance, feel to the hand and, in some oases, 
to provide better leverage for operation* 

Apparently little consideration has been given to 
designing the shape with the thought In mind of providing 
for minimum operating time*, as may be desired in the case 
of control panels for co* unioat ion or radar equipment, 
computing machines and the like. Thus, this investigation 
mas undertaken to determine whether so a one of several 
common shapas of handle for a general ly-uaed type of switch 
mould provide for a minimum of time required to operate 
the switch. 

1* Price, ealey, "vhy Hots ake Intakes**, **aturday 
vening lost, April 19, 1947, p* IB* 

£* iaines, > mold, and iosenbloae, J# h*, "Ideal Torques 
for nend' wheels and anobs**, schlne resign, u^ust, 

1940, pp. 145*148. 
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The equipment used to use sure the time required 
by the several operators consisted of the fallowing: * 

plywood penal on which were counted four ten-pos ition 
rotary switches (Figs* 1 end £), a relay end a normally- 
olosed mioroswlteh; a table upon which the panel, timin' 
clock end power supply rested; a chair for the operator; 
a direct •current power supply for the timing clock end the 
relay; en electric clock which could be read to l/100tb of 
a second ; wad the required wiring* 

The chair, so unpadded, wooden, straight-backed 
piece of furniture, was placed so that its centerline co- 
incided with a lice midway between the four switches and 
at a distance from the panel dependent upon the forearm 
measurement of the operator* The panel was adjusted 
sortie ally so that the elbow of the operator, when seated 
and when the upper a rs w&a vertical and held against the 
side with the forearm at right angles to it, was ten laches 
below the center line of the switches* The dimensions and 
layout of the equipment are given in figures 1, & and 3* 

The switches used «ere co wm ro i« lly-obt a ined , 
ten-position wafer switches with spring ball detents* The 
average maximum torque required to rotate the switches from 
one detent to the next was three inch-pounds. The switch 
handles were also coraciercially -obtained, for the shapes 
and dimensions of thess handles see Figures 4 and 5* 
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Fig. 3 Rear view of equipment 
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Fig. 4 Switch handles 
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The plane of rotation of the switches was vertical 
and the switches were rotated In t e clookwiae direction 
only. The test was limited to clockwise rotation In order 
to eliminate the effect of opposite directions of rotation* 
The angular positions of the switches were marked on the 
panel by quarter-inch wide colored stripes: block for the 0 

degrees or vertical position; light blue for the 30 degree 
position; bright red for the dO degree position; yellow for 
the 90 degree position; light green for the 120 degree 
position; gold for the 150 degree position; and black for 
the 130 degree position* Each switch handle was marked 
with a one-sixteenth inch wide white stripe (figs* 4 and 5} 
which served as an index* The background around the switch 
handles and stripes was aluminum* 

The silo re switch was so positioned to a cam on the 
shaft of the left-hand switch that, as soon as the switch 
started to move, the circuit to the timing cloo was closed 
and the dock began to run* The right-hand switch was 
wired to a relay so that the circuit to the clock was 
broksn when the switch reached its designated position* 

This connection was changed for each required jet -up so 
that the clock would stop whon the required position was 
reached* The wiring diagram la illustrated in Figure 6* 

The clock used was of the type In which the motor 
runs continuously while the movement of the hands is con- 
trolled by a solenoid-operated brake on a friotion drive* 
Thus, the effeot of inertia in the driving mechanism of the 
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Fig. 6 

Block v/iring diagram 
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hands ia aiftlj&izod. 

The power supply was a battery oh v&qv which 
required an Input of 115 volts a.c. and which bad an output 
of 6*5 volts d.a. The oloox ssotor required 115 volts e.o. 
while the solenoid-operated brake and the relay required 
6 volts d.Q« 
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1-no etwAM 

In order to facilitate the ap . lice t Ion of the 
experimental ree ilta to actual equipment, an attempt wee 
made to present the teat problem in a manner whioh would 
resemble an application in actual use, ~inoe a great 
many switchboard and e octroi equipment operators are 
seated at their Jobe, and since it was desired that the 
effects of physical differences be minimized**, the test 
operators were seated. 

Before beginning the test, each operator was 
asked to fill out an operator data sheet. This data 
shoot, shown in Appendix C, Figure 0, was used to insure 
that all operators were free of abnormalities w«ioh might 
affect the results and to aid in tracing down any incon- 
sistencies In operator performance which sight develop. 

When the sheet had been filled out, the operator 
was asked to be seated in the test chair, Be was then 
asked to hold his upper are vertical and against his side 
with his forearm extended at right angles to it. The chair 
was moved so that the tips of the operator's fingers just 
touched the edge of the table. The height of the panel was 
adjusted by toeana of bloeka ao that the elbow of the opera- 
tor, with his ans in the position just described, was ten 
inches below the centerline of the switches, 

3, For a discussion of physical differences, see Tufts 
Collate Institute for Applied eyehole gy, handbook of 
* lunar* Engineering Bate, parts I end 12, :sdfcrd, asa. , 
1140, 
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The operator was then asked to identify the colored 
stripes aa the oolors vera named, la order to eliminate any 
operator* who sight be odor blind. ft or thU oheok, the 

operator was asked to position each switch in the red (60 
degree) position, starting with the left-hand switch and 
using only his right hand* The left hand wee not used eo 
that all operator* would have the ease action pattern and to 
eliminate the effects of two-handed operation* In order to 
eliminate the possibility of becoming familiar with one 
shape of handle, each switoh was provided with a differently- 
shaped handle for the test run. 4 

The regular runs were then ooissenced and were pre- 
sented in a previously-designed random order as shown in 
Appendix G, Figure 9* The position of the operator at the 
beginning of each run was erect in the chair with his hands 
in his lap* The following set of instruction# was read to 
the operator! "The position to which the switches are to be 
rotated will be designated by color* You will use only your 
right hand and rotate the switches only in the clockwise 
direction* You will start with the left-hand switch and 
operate the switches from left to right. You are to position 
each switch accurately In the designated position as rapidly 
as possible* Accuracy is of prim* importance, but you should 
work as rapidly ns you think you can without making errors* * 

4* For a dincuauion of the psychological aspects of this 
prooedurs, see Chapaais, A, ft, , Garner, *3*, and i-iorgan, 
J*T. , Applied Experimental isychology, Mew York, John 
iley & ions, Ino*, 1949* 
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The deairefl position of the switches was designated 
by color and the operator was given the oral order, "Begin", 
he then raised his right hand from his lap and advanced it to 
the left-hand switch* The switches were operated froa left 
to right end in a clockwise direction of rotation* % the 
completion of the run on eaoh handle, the operator was asked 
to relax In the ohalr while the next handle to he presented 
was installed or; the panel* 

Moh operator was required to tana* three complete 
runs end the average of the times was computed to be used for 
analysis purposes* iaoh of the three runs was identical* 

That la, the operator was presented with the complete 
sequence of five handles and four angles (as shown on the 
sample data sheet In Appendix C, Figure V) three successive 
times* 
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#U SUITS 

The overall average tine* obtained from this 
investigation are shown in Table 1 below. The individual 
operator’ a average tinea ere shown In Table 2. The actual 
ti*j 0 values obtained for all operators for all handles art 
given in Appendix A, Tables 3, 4 and 3. 
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Table 1. 

Overall average times* 

(In hundredths of a second.) 

An examination of Table 1 shows that handle #2 
required the least time for all angles of rotation except 
60° • handle #4 required the least tine for 60° and the 
second lowest time for 90° and 120°. handle #3 required the 
most time for all angles exeept 80° where it required next 
to the highest time. 

Curves based upon the data contained in Table 1 
are shown in Figure 7, The curves were fitted by the method 
of least squares and the equations are given in Appendix 5 . 
examination of the curves shows that, for all angles of 
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Operating times vs. angles of rotation for switch handles 
(best-fitting curves) 
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rotation, handle required the leant than end handle #4 
required the second lowest tire. The other three handles 
required the highest tlaas* 

A statistical analysis of the data ( see appendix 
3, Table 10) obtained for each cf the Individual angles of 
rotation showed significant variances aaoag operators and 
among handles* The variance arsoar operators was consistently 
such higher than that among handles, which was to be expected 
die to individual differences in people* 

for the oor.plete date (see Appendix , Table 11), 
the variances axsong handles and the variances among operators, 
for all angles of rotation, were highly significant* The 
overall variance among angles of rotation was highly signif- 
icant although the interaction e&ong handles end angles of 
rotation was significant only above the 3> level* The 
interaction among operators and handles and the interaction 
among operators and angles of rotation ware both significant* 
The signifloanaes mentioned above are all at the 1» level 
unless otherwise stated* 
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The analysis of the data indicates that there Is 
an optimum shape of hoodie for Minimus operating time for 
switches under the conditions prevalent in this investigation. 
An examination of the plotted dots leads to the belief tint. 

In those situations re a i tries turning s switch handle to a 
specific point, the round shaped handle provides for the 
highest operating tines while the generally rectangular 
shape provides for the lowest times. It is probable that 
those shapes iso re nearly resembling « pointer provide a 
better Indication of position than the round shape with only 
sn index mark. 
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Tlno valuer Tor first run* 
(In hundredths of a second) 
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For the purpose of analysis, the data in Table S 
were separated for each angle of rotation. The data in 
each group were simplified for computation by subtracting 
the same amount from each value in the group and arranged 
as shown in tables 6 , 7, 8 and 9. 

Each column was then totaled and the individual 
column totals labeled X^, Xg, Xg, X^, and Xg. the grand 
total of all data in the table was labeled Z • Each value in 

O 

the table was squared and the sum of the squares labeled T. 
Each row was totaled and the individual row totals labeled 
Yi» Tg, Yg, and so on up to Y^g. 

The total variation, Q, was computed by means of 

- £ g 

the formula <1 - T - Z . where k is the number of columns 
km 

and m is the number of rows. 

The variation among column means, was computed 

by means of the formula Qq = 1 (xf y X§ y X§ y X 4 •/ X 5 ) - Z 2 

m km 

The variation among row means, Q r , was computed by 

lieans of the formula Q^. - 1 (Y^ y Yg -f Y 3 •••*■/ *is> • sf 
!c km 

The residual variation, Q 0 , was computed by means 

of the formula = Q, - Q, c - Qj. . 

g 

The column to column variance, cr c , was computed 

by means of the formula o§ a Qq t (k-1). The row to row 
2 

variance, <r Tt was computed by Fieans of the formula 

g g 

cr r r Q, r 4 (a-1). The residual variance, < 7 e , was computed 
by means of the formula * (k- 1 ) (m- 1 ). 
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